technical note J neurosurg Spine 26:150-157, 2017 abbreviationS ASD = adult spinal deformity; CVA = coronal vertical axis; DLKS = degenerative lumbar kyphoscoliosis; FBB = fulcrum backward bending; IVR = intervertebral release; L-Cobb angle = Cobb angle of lumbar curve; LIV = lowest instrumented vertebra; LL = lumbar lordosis; MPR = multiplanar reconstruction; PO = 1 week after surgery; PreO = immediately prior to surgery; PI = pelvic incidence; PT = pelvic tilt; RR = rod rotation; SLA = segmental lordotic angle; SRS-22 = Scoliosis Research Society Patient Questionnaire-22; SVA = sagittal vertical axis; SWA = scoliotic wedging angle; T-Cobb angle = Cobb angle of compensatory thoracic curve; TK = thoracic kyphosis; TLIF = transforaminal lumbar interbody fusion; TLK = thoracolumbar kyphosis; UIV = upper instrumented vertebra. The purpose of this study was to assess the clinical results of posterior corrective surgery using a multilevel transforaminal lumbar interbody fusion (TLIF) with a rod rotation (RR) and to evaluate the segmental corrective effect of a TLIF using CT imaging. The medical records of 15 consecutive patients with degenerative lumbar kyphoscoliosis (DLKS) who had undergone posterior spinal corrective surgery using a multilevel TLIF with an RR technique and who had a minimum follow-up of 2 years were retrospectively reviewed. Radiographic parameters were evaluated using plain radiographs, and segmental correction was evaluated using CT imaging. Clinical outcomes were evaluated with the Scoliosis Research Society Patient Questionnaire-22 (SRS-22) and the SF-36. The mean follow-up period was 46.7 months, and the mean age at the time of surgery was 60.7 years. The mean total SRS-22 score was 2.9 before surgery and significantly improved to 4.0 at the latest follow-up. The physical functioning, role functioning (physical), and social functioning subcategories of the SF-36 were generally improved at the latest follow-up, although the changes in these scores were not statistically significant. The bodily pain, vitality, and mental health subcategories were significantly improved at the latest follow-up (p < 0.05). Three complications occurred in 3 patients (20%). The Cobb angle of the lumbar curve was reduced to 20.3° after surgery. The overall correction rate was 66.4%. The pelvic incidence-lumbar lordosis (preoperative/postoperative = 31.5°/4.3°), pelvic tilt (29.2°/18.9°), and sagittal vertical axis (78.3/27.6 mm) were improved after surgery and remained so throughout the follow-up. Computed tomography image analysis suggested that a 1-level TLIF can result in 10.9° of scoliosis correction and 6.8° of lordosis. Posterior corrective surgery using a multilevel TLIF with an RR on patients with DLKS can provide effective correction in the coronal plane but allows only limited sagittal correction. 
D egenerative lumbar kyphoscoliosis (DLKS) is
classified based on the etiology of the scoliosis. Aebi 1 categorized adult scoliosis into 3 subtypes: primary degenerative scoliosis (de novo scoliosis), progressive idiopathic scoliosis, and secondary degenerative scoliosis. Simmons 21 based his classification of adult scoliosis on the presence or absence of preexisting spine changes. These 2 authors recommended corrective surgery for patients with DLKS who show evidence of spinal imbalance. The surgical aims of corrective surgery are to im-prove spinal alignment and balance and to relieve pain and functional symptoms. Patients with DLKS often present with 3D rigid curvatures that can be accelerated by disc degeneration and osteophyte formation. Many DLKS patients also have osteoporotic vertebrae. The intervertebral release (IVR) of all 3 columns, the degenerated disc, osteophytes, and the degenerated facet joints, are absolutely necessary when these patients undergo spinal deformity correction.
Traditionally, rigid lumbar curves that are treated with an anterior release and posterior instrumented fusion require 2 separate approaches. Despite the ability to perform an extended release, anterior approaches have obvious disadvantages, including a prolonged operative time and potential morbidities such as vascular injury, ureteral damage, ileus, and retrograde ejaculation. 10, 14 Posterior lumbar interbody fusion (PLIF), which was first described by Cloward, 7 can provide adequate neural decompression and segmental stability. The advantages of transforaminal lumber interbody fusion (TLIF) in adult deformity surgery include technical simplicity, a shorter operative time, and the need for only a single approach.
Corrective surgery for adolescent idiopathic scoliosis with Cotrel-Dubousset instrumentation initially resulted in 3D correction. 8 A rod rotation (RR) maneuver allows the frontal scoliotic deformity to be converted into a "normal" sagittal thoracic kyphosis (TK) or lumbar lordosis (LL). In DLKS, an IVR with the TLIF of several segments and an RR may provide good 3D correction. To our knowledge, little is known about the outcomes of posterior corrective surgery involving multilevel TLIF and RR in patients with DLKS. This study was performed to assess the clinical results of such procedures.
Methods
Since 2009, at a single institute, one surgeon surgically treated 19 DLKS patients whose Cobb angles were more than 45°. Four patients who underwent 3-column osteotomy including posterior vertebral column resection or pedicle subtraction osteotomy were excluded from this study. Thus, we retrospectively reviewed the medical records of 15 patients with DLKS who had undergone posterior corrective surgery involving a multilevel TLIF and an RR maneuver and who had at least a 2-year follow-up period. The mean age at surgery was 61.0 years (range 42-77 years), and the average follow-up period was 46.7 months (range 24-78 months). All patients were female. Eight of the 15 patients had earlier been diagnosed with adolescent idiopathic scoliosis; however, none of them had undergone surgical intervention. Five of the 8 patients demonstrated 2 or 3 fused vertebrae on the plain radiographs. All patients complained of multiple years of low-back pain that could not be improved with any conservative treatments. Eight of the 15 patients also complained of leg pain and neurogenic intermittent claudication due to spinal canal stenosis. The following radiographic parameters were assessed with standing anteroposterior and lateral radiographs immediately prior to surgery (PreO), 1 week after surgery (PO), and at the most recent follow-up: the Cobb angle of the lumbar curve (L-Cobb angle) and compensatory thoracic curve (T-Cobb angle), the coronal vertical axis (CVA), the degree of TK (T5-12), the degree of thoracolumbar kyphosis (TLK; T10-L2), the degree of LL (T12-S1), pelvic tilt (PT), and pelvic incidence (PI). We also evaluated each patient's curve flexibility in the coronal plane with side bending films and in the sagittal plane with fulcrum backward bending (FBB) films. 6 All patients underwent multiplanar reconstruction (MPR) CT imaging at the PreO and PO time points. Comparing the PreO and PO CT images, we measured the scoliotic wedging angle (SWA) in the coronal plane and the segmental lordotic angle (SLA) in the sagittal plane to evaluate the effect of the IVR of the TLIF (Fig. 1) .
We evaluated clinical outcomes with the Japanese editions of the Scoliosis Research Society Patient Questionnaire-22 (SRS-22) and the SF-36 administered PreO and at the latest follow-up. All data were analyzed statistically using an ANOVA, the Mann-Whitney U-test, or a paired or unpaired t-test as appropriate (JMP version 11, SAS Institute). The level of significance for all tests was defined as p < 0.05.
Surgical Procedures
Prior to the multilevel TLIF, pedicle screws should be placed into all fused segments. We performed a Grade 1 or Grade 2 osteotomy 18 on all segments except for those that were used in the TLIF. A 3-or 4-level TLIF should be necessary for all DLKS patients. An L4-5 or L5-S1 TLIF is performed using a unilateral approach, as previously described by Teneichi et al. 25 Preserving the facet on the contralateral side can provide a larger bone grafting space. A 2-level IVR using a bilateral approach is then performed around the apex of the scoliotic curvature. After a bilateral facetectomy, a discectomy from the convex side is performed. Then the concave side of the deformity is addressed. Releasing the osteophyte that completely connects the cranial and the caudal vertebrae is sometimes necessary. We first made a notch in the osteophyte using a chisel and then completed the release using a spreader (Fig. 2 ). Following the 2-level IVR and the 1-level TLIF, a temporary rod is applied to the convex side of the deformity from T-12 to L-5. With the temporary rod, an RR maneuver can be performed. We then placed the intervertebral cages into the segments around the deformity apex that had been completely released. Lastly, a final rod is applied to the concave side of the deformity. Operative procedures are summarized in Fig. 3 .
results

Surgical outcomes and Surgical Data
The averaged operative time was 511.7 minutes (range 420-720 minutes). The mean blood loss during surgery was 1752.5 ml (range 820-2600 ml). The upper instrumented vertebra (UIV) was T-9 for 6 patients and T-10 for 9 patients. L-5 was selected as the lowest instrumented vertebra (LIV) for 5 patients (Fig. 4) , and 10 patients underwent spinopelvic fixation (Fig. 5) . The averaged number of fused vertebrae was 8.1 (range 7-9). A 3-level TLIF was performed on 13 patients, and a 4-level TLIF was performed on 2 patients. Overall, there were 3 complications in 3 patients (20%). Two of these complications were associated with surgery and consisted of 1 dural tear and 1 misplaced pedicle screw. Neither case resulted in any adverse sequelae. However, additional surgery time was needed to change the pedicle screws. No early complications such as a neurological deficit, infection, or epidural hematoma were observed. One patient had a UIV fracture, although it was asymptomatic and did not lead to proximal junctional kyphosis. The mean total SRS-22 scores were 2.9 ± 0.87 prior to surgery. This mean score significantly improved to 4.0 ± 0.56 at the latest follow-up (p < 0.0001). The overall patient satisfaction scores were 4.4 (range 3.5-5.0), which indicated a good surgical outcome. All the domains of the SRS-22 score significantly improved and are shown in Table 1 . Health-related quality of life data measured using the SF-36 are shown in Table 2 . The physical functioning, role functioning (physical), and social functioning subcategories of the SF-36 were generally improved at the latest follow-up, although the changes in these scores were not statistically significant. The bodily pain, vitality, and mental health subcategories were significantly improved at the time of the latest follow-up (p < 0.05).
radiographic evaluation
The mean values of the preoperative radiographic parameters were as follows: L-Cobb angle 59.3°, T-Cobb angle 31.7°, TK 15.5°, TLK 17.3°, LL 20.9°, PT 29.2°, PI 52.3°, CVA 37.4 mm, and sagittal vertical axis (SVA) 78.3 mm. The preoperative mean PI-LL was 31.5°. Based on the SRS-Schwab adult spinal deformity (ASD) classification, 20 7 patients had an L coronal curve type, and 8 patients had a D coronal curve type. The sagittal modifiers are summarized in Table 2 . In bending films, the L-Cobb and TCobb angles were reduced to 40.2° and 18.4°, respectively. The LL increased to 38.2° based on FBB films. The PI-LL (FBB) was 14.1° (range -7° to 29°). The L-Cobb angle was reduced to 20.3° at the PO time point and was maintained at 20.7° at the most recent follow-up. The overall correction rate was 66.4%. The PI-LL was reduced to 4.3° after surgery. The PT improved to 18.9° at the PO time point, which persisted throughout the follow-up. The SVA also improved to 27.6 mm at the PO time point, which persisted throughout the follow-up. Radiographic parameters are summarized in Tables 3 and 4 . Preoperative MPR CT images showed the spontaneous fusion of 2 or 3 vertebrae in the 5 patients. The mean SWA and SLA before surgery were 15.4° and 5.6°, which improved to 4.5° and 12.5° after surgery, respectively. The MPR CT data are shown in Table 5 .
Discussion
The viability of corrective surgery for ASD continues to be an important topic of discussion. However, the surgical interventions for ASD are inconsistent because of the comorbidities typically seen in these patients. Many ASD patients have poor bone quality due to osteoporosis, which makes spinal instrumentation and correction more difficult. 24, 26, 27 Degenerative changes to the disc and facet joints, 1, 12, 21 along with spinal stenosis 15 that leads to a more rigid spine, further complicate surgery. A long operative time in the prone position and significant blood loss predispose patients to postoperative complications. Rates of complications after ASD correction have been reported to be about 20%-40%. 5 ,17 Therefore, we should only treat ASD patients after a meticulous evaluation of their spine flexibility, demographic profile, and surgical options. The goal of corrective surgery for DLKS is to improve the sagittal and coronal spinal balance by correcting any spinopelvic malalignment. 2, 4, 11, 19 In the present series, the scoliosis correction rate was 66.4%, evidenced by the significant improvement in postoperative spinopelvic parameters such as PI-LL and PT. The SVA and CVA were corrected after surgery and were well maintained throughout follow-up. In considering segmental spinal correction, Schwab et al. established a comprehensive spinal osteotomy classification, noting that a Grade 1 or Grade 2 osteotomy can provide 5°-10° of segmental correction. 18 Bergin et al. 3 also mentioned in their review that a Ponte osteotomy 16 or Smith-Peterson osteotomy 22 can provide 5-15° in segmental correction. However, these kinds of spinal osteotomies can only work when the intervertebral disc has enough flexibility for correction. In contrast, a TLIF can provide a 3-column release that includes the disc, the facet joint, and the osteophytes that are connected to each vertebra. Additionally, an interbody fusion cage can play an important role in the support of the anterior column. Our CT analysis showed that the effect of IVR on TLIF was 10°/level in the coronal plane and 6.8°/level in the sagittal plane. These data suggest that our surgical procedure can result in good coronal correction but limited sagittal correction. A TLIF can only yield an adequate 3-column release if it's performed using the posterior approach and an RR maneuver converts a scoliosis to a lordosis. Two studies have compared TLIF and anterior lumbar interbody fusion and indicated that there is no significant difference in the correction rate and clinical outcomes following the use of either technique in DLKS patients. 9, 14 Regarding segmental sagittal correction, TLIFs are limited because the insertion of larger intervertebral fusion cages is impossible given the small portal to disc space. Therefore, pedicle subtraction osteotomy 13 or posterior vertebral resection 23 is sometimes necessary to manage rigid kyphosis. Three-column osteotomies have a bigger potential risk of surgery-related complications, such as major bleeding, neurological deficits, and pseudarthrosis. 15 However, surgical complications were rare in our series, which means that our procedure can be considered to be less invasive.
Using FBB films, 6 we could evaluate the flexibility of the spinal curve in detail. If only simple bending films are used, the rigidity of the spine can be overestimated. In our series the preoperative PI-LL (FBB) was 14.1° (range -7° to 29°), indicating a relatively flexible sagittal plane. The scoliotic lumbar curvature was 59.3°, with a 33% reduction in side bending films. Based on our data, a multilevel TLIF and RR are indicated for DLKS patients who have severe scoliosis and a relatively flexible sagittal deformity. A PI-LL (FBB) that is less than 25° is thought to be a good indication for our technique.
There are some limitations to our study. We describe only a small number of cases without controls over a shortterm follow-up period. Future work should involve a longer follow-up period and a larger sample size.
conclusions
In summary, a multilevel TLIF and RR method can provide improved coronal plane correction with limited sagittal plane correction. An FBB film is a good means of evaluation to select the appropriate surgical procedure. Our method is indicated for patients whose PI-LL (FBB) is less than 25°.
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